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10.1 INTRODUCTION

In the previous unit, you have learnt about the different errors affecting the quality of remotely
sensed data and image correction techniques. You can extract usable information from an image
that has been corrected for radiometric and geometric errors

Visual interpretation of remote sensing images is one of the most powerful ways to retrieve
information. Depending on the quality of image and human expertise in image interpretation, many
of the attributes are readily identified by human eyes. However, at times it is required to highlight
(enhance) certain features of interest in images to make the image better interpretable. This is
achieved by techniques known as image enhancement that is required to increase the quality of
remote sensing data.

In this unit, we will discuss about common image enhancement operations together with linear and
non-linear contrast enhancement and spatial image enhancement techniques.
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Expected Learning Qutcomes

After studying this unit, you should be able to

7
0.0

define image enhancement;

3

» describe the concept of commonly used image enhancement strategies;

L)

0‘0

» discuss linear and non-linear contrast enhancement techniques; and

7
°

spatial image enhancement techniques.

10. 2 BASICS OF IMAGE ENHANCEMENT

The term enhancement is used to define the changes carried out in an image to
improve its appearance for better visual interpretation. There are number of
image enhancement techniques available but no single technique can be said
to be best because needs of users vary and also a technique which works for a
certain image for a particular area may not work for other images for the same
or different areas.

Image enhancement refers to the techniques used to increase the human
interpretability and ability to derive meaningful information from remotely
sensed images. It improves the quality and clarity of images. The enhancement
operations include removing blurring and noise, increasing contrast and
revealing details. For example, image enhancement of a blurred and low
contrast satellite image of the Himalayan Mountains could be made clear by
increasing contrast range and reducing blurring in the original image. The
original image might have areas of very high and very low intensity, which mask
details. The enhanced image will have improved contrast providing details of
the masked image regions.

It may be noted that removal of blur is a mathematically modelled process,
where the blur is sometimes represented as the point spread function of a linear
space-invariant system and requires inversion techniques of the digital image
restoration. Image enhancement is more often subjective, according to the user
preferences it is used to make the visual appearance of the image better.

Image enhancement techniques are also known as radiometric enhancement
techniques (Liu and Mason, 2009).

The primary goal of image enhancement is to improve the visual interpretability
of the images. This is done by increasing the apparent distinction between
features in the image. Image enhancement involves use of a number of
statistical and image manipulation functions available in an image processing
software. Image features are enhanced by the following two operations:

¢ Point Operations: In this operation, value of pixel is enhanced independent
of characteristics of neighbourhood pixels within each band.

¢ Local (Neighbourhood) Operations: In this operation, value of pixel is
enhanced based on neighbouring brightness values.

Image enhancement techniques based on point operations are also called as
contrast enhancement techniques and the enhancement techniques based on
neighbourhood operations are also known as spatial enhancement techniques.
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The main aim of image enhancement is to enhance the contrast between the
landscape background and the object of interest to the observer because
contrast allows human to visually detect and identify objects in a landscape
(Wilkie and Finn, 1996; Schowengerdt, 2006). Furthermore, it can be used to
remove noise, brighten or sharpen an image and enhance its perceptual
aspects, which make an interpreter to easily identify objects. The image
enhancement techniques change the original values of the digital number
permanently. These techniques can be applied on the single band image and
on the individual bands of a multi-band image data.

The digital remotely sensed images are usually composed of picture elements
(pixels). Each pixel has a variable usually in the form of a binary integer ranging
from 0 to 255 levels. A single pixel may have several digital number variables
corresponding to different bands recorded in an image. The number associated
with each pixel is known as Digital Number or Brightness Value or Gray Level.
Digital number represents the average radiance of a small area within a scene.
A smaller value/number indicates low average radiance and a higher number
indicates high radiance from the area.

10.3 COMMON IMAGE ENHANCEMENT
OPERATIONS

Let us discuss the common image enhancement operations very briefly.

10.3.1 Image Reduction

Maijority of available remotely sensed data are comprised of more than 3000
rows x 3000 columns and several bands. Many digital image processing
systems cannot display this data at a single time (Jenson, 2018). Thus, it
becomes necessary to reduce size of original image dataset and bring down its
size to such a level, which can be seen on the computer screen at one time
mainly for orientation uses. For reducing an image to 1/m? of the original size,
every m"” row and m" column of the image are properly chosen and shown. In
this way, for m = 2, the reduced image dataset bears only one-quarter (i.e.,
25%) of the pixels of the original dataset. It can be represented as a simple 2x
integer reduction (Fig. 10.1).
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Fig. 10.1: Image matrix showing the logic pertaining to 2x image integer
reduction. The output raster image is new and represents only 25% of
the original input image. (Source: redrawn after Jenson, 2018).
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It may be noted that you may observe loss in information or pixels while
comparing original image with the reduced image and it usually happens
because many pixels are removed during the process of image reduction. This
is the reason that image reduction is mainly used for orienting within a scene
and finding coordinates of the row and column of a particular area of interest
(Jenson, 2018). Image reduction is also known as site-specific pixel
characteristic and allows us to get a regional view of the remotely sensed data.

10.3.2 Image Magnification

It is also known as zooming in and is often undertaken during the following
stages:

i) For enlarging size of an image/map for getting detailed information of a
relatively small area of interest;

ii) For matching the size of another image/map.

Image magnification involves replication of row and column of a digital image.
In order to magnify an image, an integer factor mx is used, where each pixel in
the original image is replaced by an m x m block of pixels, where all pixels have
the same value as the original input pixel (Jensen, 2018). It can be represented
as a simple 2x magnification (Fig. 10.2).

Input raster Output raster
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Fig.10.2: Image matrix showing the logic pertaining to 2x image integer
magnification. (Source: redrawn after Jenson, 2018).

10.3.3 Transects (Spatial Profiles)

The preparation of spatial profile along the user-specified transect between two
or more points in a single-band or multi-band colour composite image by
extracting brightness values or percent reflectance values is useful for making
image interpretation (Jenson, 2018). Spatial profile is usually prepared in x-y
plot style, where y-axis values of the plot refer to the magnitude of the
brightness value at each pixel along the selected transect (Fig. 10.3).
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Fig. 10.3: a) Predawn imagery showing transect along the point A to B; and b) x-y
plot showing spatial profile along the points A to B. (Source: modified
after https://slideplayer.com/slide/3723856/)

10.3.4 Spectral Profiles

Spectral profile involves the extraction of full brightness values of the
electromagnetic spectrum in n bands for an individual pixel (Jensen, 2018). In
this profile, x-axis shows the number of the individual bands in the dataset and
y-axis represents the brightness value of the pixel for each band considered for
investigation. If the reflectance of the image data is converted into percent
reflectance, then y-axis is used to represent percent reflectance. Spectral
profile is used to enhance the differences between various objects/targets and
its importance depends on the quality of information present in the spectral data
(Jensen, 2018). Fig 10.4 illustrates the spectral reflectance profiles for
atmospherically corrected data of Airborne Visible Infrared Imaging
Spectrometer - Next Generation (AVIRIS-NG) mission (credit: NASA/ISRO).
Reflectance values lie in the range of 0-1 and for ease of visualisation, they are
multiplied by 10000.

Spectral Profile
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Fig. 10.4: Spectral profile of vegetation from hyperspectral data; x-axis
represents the wavelength in micrometers and y-axis represents the
spectral reflectance values scaled by 10000. (Source: Data taken from
AVIRIS-NG)

10.3.5 Level Slicing

Level or density slicing is an enhancement technique whereby digital number
(DNs) distributed along the x-axis of an image histogram are divided into a
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series of analyst specified intervals or slices and thereby creating a new image
showing select number of features (classes) in it.

SAQ |

a) Define image enhancement.

b) What is point operation?

10.4 CONTRAST ENHANCEMENT

Before discussing about the contrast enhancement, let us first recognise the
meaning of ‘contrast’. Contrast is the difference in pixel values of two different
objects at the same wavelength. It can be defined as the ratio of maximum
intensity to the minimum intensity over an image.

C = Limax/ Lmin
Where,
C = contrast,
Lmax = maximum intensity value present in an image, and
Lmin = minimum intensity value present in the same image.

It is important to note that the contrast ratio has profound implication on the
usefulness of an image as it aids in visual interpretation of the image. It is easy
to interpret the images having larger contrast ratio as compared to the images
with lower contrast ratio. High contrast in the images is generated when one
feature of the landscape reflects a high amount of radiation in a definite
wavelength and second feature reflects little/low radiation in the same
wavelength. Due several reasons, many satellite images lack required contrast.
Some of the reasons, which are responsible for low contrast in images are
listed below:

i. Landscapes consisting of individual features and background that do not
contain terrain covering full dynamic range of brightness recorded by the
remote sensing sensors will show low contrast.

ii. There are several different landscape features that reflect uniform amounts
of visible and infrared radiation and produce low contrast images.

iii. Some sensors lack sufficient sensitivity to detect and record the contrast of
the landscape.

iv. Scattering of radiation by atmosphere can also reduce the contrast of the
landscape.

It may be noted that the images usually acquired by a digital sensor might have
a limited range of digital numbers (DN) to accommodate all the values of
reflectance resulting in a poor quality display of the image. Due to this reason,
the image gray scale distribution is skewed and it is very difficult to distinguish
between different features in the image. In order to exploit the capability of the
image display system, the dynamic range of the image pixel values is increased
(Fig. 10.5). This technique is known as contrast enhancement. It involves
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changing the original pixel values so that more of the available range is used
which increases contrast between features and their backgrounds.

(a) (b)
Fig. 10.5: Contrast enhancement operation on a satellite image: a) Original image; and
b) Enhanced image. (Source: Anand, 2012)

Commonly applied contrast enhancement techniques are the followings:
e Linear contrast enhancement

e Non-linear contrast enhancement

10.4.1 Linear Contrast Enhancement

Image display and recording devices often operate over a range of 256 gray
levels (maximum range of numbers represented in 8-bit image data). Image
data in a single image rarely extend over this entire range. The contrast
enhancement (also known as contrast stretching) technique expands the
narrow range of pixel values typically present in an input image to a wider range
of pixel values.

A linear contrast stretching occurs, when pixel values of an image are uniformly
stretched across a larger display range. By expanding the range of original
input values of the image, the total dynamic range of display device can be
utilised. One major disadvantage of a linear stretch is that it assigns an equal
number of display levels for infrequently occurring values as it does for
frequently occurring values. This can result in certain features being enhanced,
while other features, which may be of greater importance, will not be sufficiently
enhanced. There are three types of linear contrast enhancement technique as
given below:

e Minimum-maximum contrast stretch
e Percentage linear and standard deviation contrast stretch

e Piece-wise linear contrast stretch
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i) Minimum-Maximum Contrast Stretch

In this technique, the original minimum and maximum values of the image are
assigned to a newly specified set of values based on the full range of available
brightness values of that image. For example, if maximum pixel value in the
original image is 158 and minimum pixel value is 60 as illustrated in Fig. 10.6a,
the ‘stretched’ values would be set at 255 and 0, respectively (Fig. 10.6b). The
intermediate gray level values of original image would be similarly and
proportionately set to new values. These types of enhancements are best
applied to remotely sensed images with normal or near-normal distribution,
meaning, all the brightness values fall within a narrow range of the image
histogram and only one mode is apparent. This approach of linear contrast
stretching is known as minimum-maximum contrast stretch.

Now, there are several digital image processing systems that contain built-in
functions, which automatically expand the minimum and maximum values to
optimise the whole range of available brightness values. This technique of
image enhancement is best suited to remotely sensed images with Gaussian or
near-Gaussian histograms.
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Fig. 10.6: lllustration of principle of contrast stretch. Note: with a typical
application of a linear stretch, areas that were dark-toned will appear
darker and areas that were bright toned will appear even brighter. Linear
contrast enhancement also makes subtle variations within data more
obvious. (Source: redrawn after Jensen, 1996)

li) Percentage Linear and Standard Deviation Contrast Stretch

The percentage linear contrast stretch technique uses precise minimum and
maximum values that be positioned in a certain percentage of pixels from the
mean of the histogram. On the other hand, the standard deviation contrast
stretch uses a percentage of the selected minimum and maximum values of
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pixels that coincides with a standard deviation percentage of pixels from the
mean of the histogram (Jensen, 2018).

It may be noted that the standard deviation from the mean is also used to move
the tails of the histogram away from the original minimum and maximum values.
It has been noted that for a normal distribution, around 68% of the observations
fall within £ 1 standard deviation of the mean, nearly 95.4 % of all observations
fall within £ 2 standard deviations and 99.73 % all observations fall within £ 3
standard deviations of the mean (Jensen, 2018). Let us take an example of the
Landsat Thematic Mapper band 4 images for the linear contrast stretching
applying a = 1 standard deviation. It would give minimum value 12 and
maximum value 43. By apply above technique, all vales lie between 12 and 43
will be stretched to fall within the range of 0 to 255 (Jenson, 2018). As a
consequence, the values lie between 0 and 11 become 0 and those values
between 44 and 255 become 255. It increases the contrast of an image. The
main disadvantage of the technique is that the pixels information saturated
between at 0 and 255 is normally missed out. Fig. 10.7 shows the standard
deviation contrast enhancement operation applied on satellite data.

(a) (b)
Fig. 10.7: Standard deviation Contrast enhancement operation on a satellite
image: a) Original image; and b) Enhanced image. (Source: Quickbird)

One of the important uses of standard deviation stretch is when the input image
has a small number of very dark pixels (brightness values near 0 and a small
number of very bright pixels (brightness values near 255). In this case
maximum-minimum stretch obviously fails input minimum matches with the
display device minimum and input maximum matches with the display device
maximum and a simple linear contrast enhancement method will have no effect
on the input image contrast. However, the standard deviation stretch will
definitely work.

iii) Piece-wise Linear Contrast Stretch

The piece-wise linear contrast stretch is used when we have an image
histogram belonging to bimodal or trimodol distribution not to the Gaussian
distribution. In this stretch, numerous linear enhancement functions are used for
enhancing the brightness ranges in the modes of the histogram. It also involves

Contributors: Dr. Omkar Verma and Dr. Manu Mehta 209



210

Image Pre-classification Techniques

the setting of a series of small minimum-maximium stretches within a single
histogram. It is more useful to enhance any typical features in the image.

The following steps are undertaken while doing piece-wise linear contrast
stretch on an image (after Jensen, 2018):

i. View the raw image to be contrast stretched
ii. Display of the histogram of the raw image

iii. Superimpose histogram with an input-output line. This line will be visible in
the display as a line that runs diagonally from the lower left to upper right.

iv. Finally, inter-actively adjust the length and slope of n mutally exclusive
contrast stretches along the line.

As an illustration, Fig. 10.8 illustrates the piecewise linear contrast
enhancement on a satellite dataset.

Gray

4
2BEE

(a) (b) (c)

Fig. 10.8: Piecewise linear contrast enhancement operation on a satellite image;
a) Original image; b) Enhanced image; and c) Piecewise linear function
used; original histogram in grey colour, modified histogram in yellow
colour. (Source: Quickbird; Image software: Erdas Imagine 2014)

10.4.2 Non-Linear Contrast Enhancement

Contrary to the linear stretch, a non-linear stretch expands one portion of gray
scale while compressing other portions. This sort of enhancement is typically
applied with purpose of highlighting one part of the brightness range. While
spatial information is preserved, quantitative radiometric information can be
lost. Three of the most common of non-linear contract stretching methods are
discussed below:

i) Histogram Equalisation

Histogram equalisation is one of the most useful forms of non-linear contrast
enhancement. When an image’s histogram is equalised, all pixel values of the
image are re-distributed so there are approximately an equal number of pixels
to each of the user-specified output gray scale classes (e.g., 32, 64 and 256).
The contrast is increased at the most populated range of brightness values of
histogram (peaks). In Fig. 10.5¢, you can see how histogram equalisation at
different thresholds increases contrast of the image. It automatically reduces
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contrast in very light or dark parts of the image associated with the tails of a
normally distributed histogram where the pixel population is sparse. Histogram
equalisation can also separate pixels into distinct groups, if there are very few
output values over a wide range. Histogram equalisation is effective only when
original image has poor contrast to start with, otherwise histogram equalisation
may degrade the image quality. Fig. 10.9 shows the histogram equalisation
applied on a satellite dataset.

(a) (b)

Fig. 10.9: Histogram equalised contrast enhancement operation on a satellite
image: a) Original image; and b) Enhanced image. (Source: Quickbird).

ii) Logarithmic Stretch

A logarithmic or square root stretch compresses the higher brightness values
within an image and disproportionately expands the darker values. It is applied
by taking the log (square root) of original brightness values. Logarithmic
approach stretches DN values in darker part of histogram whereas inverse
logarithmic approach stretches DN values in brighter part.

Fig. 10.10 shows the difference between a linear and a logarithmic stretch.
Thus, the original darker values are given a greater relative contrast than
original values at the higher end of the brightness scale. This would be done in
order to allow better visual discrimination among the darker features of the
image, while maintaining some limited recognition of brighter features. The
logarithmic stretch is a more emphatic version of the square root stretch. Each
of these can be inverted (log to inverse log; square root to squared), so as to
favour the bright end of scale instead.

The main utility of logarithmic contrast enhancement is to reveal details in the
low and very low reflectance portions of the image that are of interest to the
user who may not be interested in the higher reflectance areas.
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Fig. 10.10: Logic of linear, logarithmic and inverse log contrast stretch. BV
indicates brightness value. (Source: redrawn after Jensen, 1996)

iii) Gaussian Contrast Stretch

It may be noted that the Gaussian contrast stretching can be performed in the
similar manner as we operate histogram equalisation. It is mostly used when an
image analyst wants to have the information of the dark and bright regions of
the image because this information is usually missed while applying other
contrast stretching techniques. This stretching is based on histogram of pixel
values and involves fitting of observed histogram of the input image to a normal
or Gaussian histogram. It also highlights the contrast in the tail parts of the
histogram. A histogram matching technique is involved in the Gaussian contrast
stretching to map the input image values onto the output Gaussian distribution.
As an illustration, Gaussian enhancement is shown on a satellite image taken
from Linear Imaging Self-Scanning Sensor (LISS) Il data onboard Resourcesat

(Fig. 10.11).
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(a) (b)
Fig. 10.11: Guassian Contrast enhancement operation on a satellite image: a)
Original image; and b) Enhanced image. (Source: LISS-IIl / Resourcesat

1)

The type of non-linear enhancement technique that is chosen to be performed
on an image depends on the nature of original data and what features the
analyst is interested in. For example, water features, which are typically darker
in tone, would benefit from log or square root stretches, while the land features,
which are brighter, would still be somewhat recognisable.
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a) Define contrast.

b) List types of linear contrast stretch.

10.5 APPLICATION OF CONTRAST ENHANCEMENT

Satellite data usually lack adequate contrast and in general, contrast
enhancement is required to interpret the remotely sensed image. This low
contrast could arise due to several reasons. For instance, sometimes, the
scene itself has a poor contrast ratio for different features whose spectral
responses might closely resemble each other. Further, atmospheric scattering
may also decrease the image contrast especially in the shorter wavelength
regions. In addition, the sensitivity of the remote sensing instrument might be
low, leading to poor contrast of the image.

Contrast enhancement is a type of image enhancement, which is used to
highlight (enhance) certain features of interest in images to make the image
better interpretable. This technique is quite useful for improving the contrast of
the satellite and aerial images, which make them easier to interpret for an
interpreter. It is also important to note that an enhancement technique might not
be suitable for all images and their applications and therefore one has to
choose an appropriate enhancement technique based on the imaging sensor
type and the application. Image histograms help in the decision for proper
choice of contrast enhancement techniques. For instance, one might would like
to enhance only the lower part of the histogram, so accordingly, piecewise
linear contrast stretch might be used. On the other hand, in order to have a
uniform contrast enhancement, one may opt for histogram equalisation. Apart
from contrast enhancement, there are other several techniques for image
enhancement such as density slicing, edge enhancement and spatial filtering.

Overall, image enhancement including contrast enhancement is one of the
most interesting and visually attractive fields in aerial and satellite image
processing. In fact, contrast enhancement is also an emerging and sought-after
field in the medical image processing, where it is used to enhance the contrast
of the specific features for detecting several diseases and deciding their
treatments. In medical imaging, contrast enhancement is used to enhance the
contrast of the images obtained from X-ray based devices, Ultrasound (US),
Magnetic Resonance Imaging (MRI), Computed Tomography (CT) and Positron
Emission Tomography (PET). By using various techniques of contrast
enhancement, the image analysts improve the visual quality of satellite images
by increasing dominance of some features or by reducing ambiguity between
different parts of the image.

10.6 ACTIVITY

¢ Download a multispectral satellite image (e.g., Landsat 8 Operational Land
Imager). Note the number of spectral bands. Plot the histogram for individual
bands. Apply linear contrast enhancement (minimum-maximum) and
histogram equalisation for each band. Tabulate the differences observed.
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10.7 SUMMARY

Let us summarise what we have learnt in this unit:

214

Visual interpretation of remote sensing images is one of the most powerful
ways to retrieve information.

Enhancement is used to define the changes carried out in an image to
improve its appearance for better visual interpretation.

Image enhancement refers to the techniques used to increase the human
interpretability and ability to derive meaningful information from remotely
sensed images.

Image features are enhanced by the following two operations: point and
local.

Image reduction, image magnification, transects (spatial profiles), spectral
profiles and level slicing are common image enhancement operations.

Contrast is the difference in pixel values of two different objects at the same
wavelength.

Contrast enhancement techniques are two types namely, linear and non-
linear.

A linear contrast stretching occurs, when pixel values of an image are
uniformly stretched across a larger display range.

There are three types of linear contrast enhancement technique such as
minimum-maximum contrast stretch, percentage linear and standard
deviation contrast stretch and piece-wise linear contrast stretch.

A non-linear stretch expands one portion of gray scale while compressing
other portions.

Histogram equalisation, logarithmic stretch and Gaussian contrast stretch
are three common types of non-linear contrast enhancement.

10.8 TERMINAL QUESTIONS

1.

3.

4

Why are image reduction and magnification operations important in image
enhancement?

What is contrast enhancement? Discuss the factors responsible for
generating low contrast satellite images.

Describe various techniques of linear contrast enhancement.

Explain the techniques of non- linear contrast enhancement.
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10.11 ANSWERS
SAQ |

a) Image enhancement is defined as a process, which is used to define the
changes carried out in an image to improve its appearance for better visual
interpretation.

b) In point operation, the value of pixel is enhanced independent of
characteristics of neighbourhood pixels within each band

SAQ Il

a) Contrast is the difference in pixel values of two different objects at the same
wavelength.

b) The types of linear contrast stretch are:
e Minimum-maximum contrast stretch
e Percentage linear and standard deviation contrast stretch

e Piece-wise linear contrast stretch

Terminal Questions

1. Please refer to subsections 10.3.1 and 10.3.2.
Please refer to section 10.4.

Please refer to subsection 10.4.1.

w0 D

Please refer to subsection 10.4.2.
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